In the past decade, the literature on cognition in anxious children has expanded rapidly. New To ensure a thorough review of relevant findings, a search of PubMed was undertaken using the search words "cognition", "anxiety", and "children". As this search yielded several hundred papers, only those published within the past 10 years were retrieved.
Introduction
In the past decade, the literature on cognition in anxious children has expanded rapidly. New To ensure a thorough review of relevant findings, a search of PubMed was undertaken using the search words "cognition", "anxiety", and "children". As this search yielded several hundred papers, only those published within the past 10 years were retrieved.
Key citations within these retrieved papers were also obtained, including some from the psychological literature. Thus, this paper represents a selective rather than exhaustive review with emphasis on recent findings. All information was then organized by the author in order to facilitate interpretation of literature and translation for clinical practice.
To begin, an overview of various aspects of cognition studied in anxious children is provided. Daleiden and Vasey [1] provided a model for aspects pertaining to cognitive biases using an information processing perspective. This model is summarized, and then the relevance of cognitive deficits is introduced. Next, common research paradigms are briefly described and compared. Recent 
Information processing and childhood anxiety
Clinicians have long recognized the tendency for individuals to become more anxious as they focus upon threatening situations and threatening stimuli in their environment. Drawing upon earlier work by Crick and Dodge [2] on information processing, Daleiden and Vasey [1] outlined a cognitive model for childhood anxiety, which relates to this tendency. In this model, children respond to information from their environment in six sequential stages: encoding information, interpreting information, using information for goal clarification or construction, control (i.e., rapid, low effort, low intentionality) to those involving a high degree of conscious control (i.e., slow, high effort, high intentionality).
In general, the earlier information processing stages are thought to involve less conscious control than the later stages.
When comparing anxious and non-anxious children on these various aspects of information processing, anxious children have typically been found to encode more threatening information (i.e., selectively attend to or be easily distracted by threatening information), interpret more information as being threatening and beyond their coping abilities, and select more avoidant responses [3] . Psychological interventions in this [5] . Second, there is evidence that anxiety can influence academic performance. Longitudinally, Grover, Ginsburg, and Ialongo [6] found that children with high trait anxiety in the first grade of school scored lower on measures of academic achievement in eighth grade. Third, in order to benefit from CBT children require certain cognitive abilities, and children with deficits in these abilities (for example, those with executive function deficits) may respond less optimally to this treatment [7] .
Common paradigms for studying cognition in anxious children
To accurately interpret findings about cognition in anxious children, it is important to review 
Attention bias tasks
Attention bias tasks are reviewed in greater detail by Puliafico and Kendall [3] . The most commonly used paradigm in the recent literature is the dot-probe detection task either the subject's attention to or emotional reaction to the threatening words interferes with task performance. This slowing effect is more pronounced in anxious than non-anxious children. This task has been criticized for its inability to distinguish attention effects from emotional effects [3] , and so has been used less frequently than the dot-probe detection task in recent studies.
A smaller number of studies have examined memory bias, rather than attention bias. These have generally found preferential recall of threatening versus non-threatening stimuli in anxious children [10] .
Interpretation Tasks
Interpretation tasks are described in greater detail in Alfano, Beidel, and Turner [11] Tasks involving ambiguous pictures (rather than situations) have also been presented to anxious children. In one recent study, anxiety disorder-specific pictures were presented in an online, forced choice reaction time task [12] . Children with separation anxiety disorder rated ambiguous pictures pertaining to separation more unpleasant and arousing than nonanxious children did.
Other studies related to interpretation bias have included self-report questionnaires [13] . Questionnaires are, however, potentially affected by reading and other cognitive skills, and by reporting biases (for example, children's wish to provide socially desirable responses).
Some studies of interpretation bias focused on specific types of anxiety. For example, studies of anxiety sensitivity evaluated children's tendency to interpret physical cues as threatening [14] . Finally, some authors Translational Neuroscience examined children's ability to apply reappraisal (i.e. re-interpretation) to regulate negative emotions after viewing threatening scenes [15] .
These tasks clearly involved more conscious effort than those involving immediate responses to pictures or situations.
Goal and response tasks
In these tasks, children are presented with situations that are potentially threatening and asked to formulate a planned response.
Avoidant responses are typically increased among anxious compared to non-anxious children (reviewed in [11] ). In some cases, discussions with parents are included when children formulate their response plans, to determine parental effects on the children's responses. Such discussions often increase children's avoidant response tendencies [16] .
Cognitive content measures
These measures typically involve self-reports of cognitive content, either generally or in relation to anxiety-specific tasks. Examples include reports of negative self-statements and states of mind [17] , self-focused attention and negative review of past events in social anxiety [18] [19] [20] , thought-listed worry episodes [21] , and coping strategies [22] . Such reports obviously involve a high degree of conscious awareness, and, like all self-reports, are subject to social desirability and other reporting biases. [23] . Language deficits have been linked to increased anxiety in longitudinal studies of children and youth [24] .
Cognitive de cit tasks
Language and executive functions are also highly relevant to the treatment of anxiety, as the most common psychological treatment for anxiety, cognitive behavioral therapy, typically requires at least average linguistic and working memory ability [7] . 
Implications of comparisons of anxious and non-anxious children

Cognitive di erences
Differences between anxious and nonanxious children have been found most consistently in the information processing paradigms described above. Attention to threat, interpretation of ambiguous stimuli as threatening, and a tendency to choose avoidant responses to potentially threatening situations are all more typical of anxious than non-anxious children [10, 11, 13, 25] .
Recent studies have examined these differences in more detail for certain diagnostic groups. For example, self-focused attention is usually higher in social anxiety than other disorders, and mediates the relationship between social anxiety and state anxiety [18] . Socially anxious children also evaluate themselves poorly after performance situations, even when independent observers do not [19, 20, 26] . Children with separation anxiety responded more negatively to ambiguous separation pictures than nonanxious children [12] . Children with high anxiety sensitivity (tendency to interpret physical sensations catastrophically) showed attentional vigilance for emotional versus neutral words [27] . Specificity findings are not entirely consistent, however. For example, Roy, Vasa, Bruck, Mogg, Bradley, Sweeney, and colleagues [28] did not find disorder specificity in an attention bias task involving threatening faces.
Building upon the work of Barrett and colleagues [16] regarding parents of anxious children, Lester, Field, Oliver, and CartwrightHatton [29] found that anxious parents tend to 
Possible implications
The presence of cognitive biases involving Finally, the fact that parents of anxious children sometimes share their cognitive biases suggests that these parents may benefit from training to recognize their children's strengths (as they would naturally attend to their weaknesses), to positively reinforce approach behavior (as they would naturally reinforce avoidance, even if this is not intended), and to give their child the benefit of the doubt in potentially fearful situations (i.e., assume the child can cope, rather than assuming the child will not cope).
De cits and strengths
When examining cognitive deficits in anxious children, it is important to appreciate the bidirectional relationship between cognition and anxiety. In other words, anxiety can interfere with some aspects of cognition, but cognitive deficits can also contribute to anxiety. Anxiety has been found to interfere with positive reappraisals that children need to cope with negative emotion [15, 22] . High levels of anxiety can also impair overall cognitive performance, though mild levels of anxiety are motivating and can enhance cognitive performance [30] . When anxiety occurs in the context of other psychiatric disorders, further cognitive impairment can occur. For example, selective mutism, a condition typically related to social anxiety, has been linked to language deficits [31] . As mentioned earlier, anxiety that is comorbid with ADHD has been linked to working memory deficits [23] .
Cognitive deficits may also, however, increase children's risk for anxiety symptoms. For example, a one standard deviation advantage in cognitive performance was associated with a significantly reduced risk of GAD in childhood and adolescence [32] . Developmental delays in problem solving were correlated with excessive worry in anxious children [21] . As mentioned, language impairment has also been associated with anxiety longitudinally [24] .
Possible implications
Given these bidirectional effects between cognition and anxiety, clinicians cannot attribute cognitive problems in anxious children entirely to their anxiety unless a careful psychological assessment has been
Key cognitive nding Possible implications
Threat-biased encoding of information; bias not always responsive to CBT As encoding is a fast process with little conscious control, children and their parents should not necessarily expect the tendency to become anxious by perceiving threat to improve with CBT; rather the ability to cope with anxiety improves. Children who constantly perceive threat (making it difficult to challenge all of their worries) may benefit from cognitive retraining, mindfulness-based approaches, or anxiety-focused medication
Threat-biased interpretation of stimuli or situations CBT addresses this, but specific biases may merit additional attention (e.g., interpretation of physical stimuli in those with high anxiety sensitivity; interpretation of personal performance in social anxiety) Detection and treatment of such deficits is important for improving these children's mental health. Anxiety-focused treatments may need to be individualized and simplified for these children (e.g., de-emphasizing reading and writing, simplifying vocabulary)
Parents of anxious children may share their cognitive biases and inadvertently reinforce avoidance
These parents may need to be trained to recognize their children's strengths, positively reinforce approach behavior, and assume their children can cope with feared situations Developmentally, young children have low emotional understanding and executive function abilities, often focus on physical rather than social threats, and are dependent on families to aid emotion regulation
Intervention with young children may need to focus on developing emotional understanding, have low emphasis on executive function abilities, and constructively involve families. Intervention with adolescents may need to respect developing executive functions (e.g., focus on hypothesistesting rather than reassuring statements), attend to social as well as physical threats, and involve families less in developing emotion regulation skills high trait anxiety at a particular disadvantage relative to their peers (see [33] ).
In 
Possible implications
Highly intensive CBT may ameliorate attentional biases towards threat, but augmenting CBT with other treatments (i.e., either medication or ABMT if available) could also be considered in affected children. ABMT awaits further evaluation to determine its optimal role in relation to other evidence-based treatments.
Mindfulness-based approaches in CBT, which train individuals to observe (rather than challenge) negative cognitive content may also be helpful, although they may be challenging for pre-adolescent children with limited meta-cognition (the ability to "think about one's thinking"). Interpretation and response biases are likely to respond to traditional CBT.
Cognitive deficits have received little research attention as potential moderators of treatment outcome, but the presence of such deficits often challenges therapists to adapt CBT materials appropriately [7] . Reading comprehension can affect their interpretation of ambiguous scenarios. The emotional understanding of young anxious children can also be limited [11, 46] , potentially affecting their reports on research measures. In particular, young children often under-report anxious symptoms [47] , or have a poor grasp of the link between cognition and emotion [48] .
Considerations when interpreting the literature
Children may also have greater difficulty than adults consciously re-allocating attention [49] and addressing biases using effortful control [50, 51] . Conversely, fears of physical danger and punishment decrease with age in community samples [51] . The ability to perceive physical symptoms as a signal of anxiety is also age-related [52] . Each of these developmental changes can affect research results, as the proportion of older versus younger children in a sample may influence the degree of fearfulness or "bias" found in relation to certain stimuli.
The influence of family variables on cognition may also be affected by development. Given their greater dependence on parents, the role of the family in threat perception and response choice is likely heightened in younger anxious children relative their older counterparts [11, 16] 
Salience of ndings
Some cognitive findings are interesting, but need to be interpreted with caution. As most studies are cross sectional, it is not always clear whether a cognitive difference between anxious and non-anxious children represents a factor that contributes to anxiety, maintains anxiety, is a product of anxiety, or is an epiphenomenon of anxiety. One of the few longitudinal studies in the field found that threat interpretation was relatively stable over time but anxiety scores predicted change in threat interpretation over time and distress anticipation predicted change in anxiety symptoms over time [53] . Thus, some influences between cognitive biases and anxiety appear to be reciprocal, so biases do not necessarily cause anxiety. Moreover, statistically significant findings do not always represent clinically significant findings [11] . For example, some children perform poorly on a laboratory task but cope well in day to day situations, or vice versa. It is also sometimes unclear how specific certain findings are. Some cognitive features of anxious children have been found in depressed children as well, some occur in children with diagnosed anxiety disorders but not in those who merely have elevated anxiety symptoms, and some appear specific to certain disorders or certain comorbidities [3, 7] . In particular, comparisons between anxious and non-anxious children that neglect to include another clinical comparison group do not necessarily yield results that are specific to anxious children.
More to Learn
Recent reviews have highlighted further conceptual and methodological issues in the literature requiring clarification [3, 11] . Some key issues include: the need to clarify the role of state anxiety in relation to biased cognition 
